The present study aimed to investigate the potential virulence factors and antifungal resistance of 31 Candida albicans and 21 non-albicans Candida isolates colonizing preterm neonates. The study also compared the susceptibility results with the in vitro activity of chlorhexidine in the eradication of Candida colonization. Candida albicans produced significantly more phospholipase and coagulase than non-albicans Candida, whereas proteinase production was higher in non-albicans Candida. Biofilm production was demonstrated in Candida albicans and non-albicans Candida (P = 0.214). None of the planktonic growth of Candida isolates were resistant to either fluconazole or amphotericin B, whereas 40% and 84% Candida isolates grown as biofilm became resistant to fluconazole and amphotericin B, respectively. Both coagulase and phospholipase production strongly correlated with the resistance of sessile Candida isolates to amphotericin B (P < 0.001). Whereas both proteinase and phospholipase correlated with the resistance of in vitro Candida biofilms to fluconazole (P < 0.05 and P = 0.001; respectively). Chlorhexidine was comparable to fluconazole towards planktonic and sessile grown Candida isolates. In conclusion, the study demonstrated an association between certain virulence factors and the development of biofilm drug resistance and highlighted the value of chlorhexidine as a promising prospect in the eradication of Candida colonization.
INTRODUCTION
Systemic fungal infections, mainly by Candida species, are the third most frequent cause of late-onset sepsis among very low birth weight preterm neonates in neonatal intensive care units (NICUs) (Manzoni et al., 2011) . Skin and gastrointestinal tract colonization by Candida species in neonates is necessary for the pathogenesis of invasive Candida infections (ICIs) (Mendiratta et al., 2006) . Candida colonization and subsequent infection depend on many different virulence phenotypes such as adhesion to host cells, hyphae formation, hydrolytic enzymes production (such as phospholipase as well as secretory aspartyl proteinase) and biofilm production (Mohan das and Ballal, 2008) . Moreover, Candida biofilms are known to exhibit elevated antifungal resistance compared *Corresponding author. E-mail: imanwali@gmail.com. Tel: +201005720204.
to their planktonic counterparts (Seneviratne et al., 2008) .
Amphotericin B (ampB) deoxycholate is a primary antimicrobial medication for proven or suspected neonatal invasive fungal infection. It is generally better tolerated in neonates than in adults; since ampB has a longer half-life, lower serum level and faster elimination in neonates unless there is a rise in the serum creatinine and blood urea nitrogen (Turkova et al., 2011) .
Fluconazole (FCZ), on the other hand, should be reserved for prophylaxis, though it is considered as an alternative to amphotericin B in the treatment of neonatal candidiasis. However, the use of fluconazole prophylaxis in NICUs has raised concerns about the development of resistance (Leibovitz, 2012) .
Chlorhexidine gluconate (CHX) is a topical antiseptic used in a myriad of clinical settings (Soma et al., 2012) . Prophylactic use of chlorhexidine in combination with daily oral hygiene care has been associated with reduction of potentially pathogenic microorganisms in the oral mucosa of children with acute lymphoblastic leukemia (Soares et al., 2011) . Moreover, daily chlorhexidine baths applied to pediatric patients with central lines was associated with lower counts of cultivable cutaneous bacteria (Soma et al., 2012) . Recently, its fungicidal activity towards certain Candida species has been shown, with suggestions of gargling with chlorhexidine mouth rinses for rapid reduction of Candida population in patients with fungal infection (Fathilah et al., 2012) .
The aim of the present study was to investigate the potential virulence factors and antifungal resistance of Candida species colonizing preterm neonates. The study also sought to compare the antifungal susceptibility results with the in vitro activity of chlorhexidine as an alternative prospect in the eradication of Candida colonization.
MATERIALS AND METHODS

Candida strains
Fifty-two Candida isolates colonizing 21 out of 50 premature neonates admitted to our NICU at the Children's Hospital, Cairo University, during the study period from August till December 2010 were included in the study. The isolates were obtained by surveillance cultures of swabs taken from the oral cavity, umbilicus, groin and rectum on admission and after 7 days. The study protocol was approved by the ethical committee of our Hospital and was conducted in accordance with the University bylaws for human research.
Specimens were inoculated onto Sabouraud Dextrose Agar medium (SDA) (Oxoid Ltd., Hampshire, United Kingdom) and incubated at 37°C for 24 h, then colonies were identified as Candida by Gram stained smears (Howell and Hazen, 2011) . Further identification to the species level was done by the API Candida system (Bio-Merieux,Marcy-I'Etoile, France).
Different isolates belonging to the same species within the same patient were typed by the resistogram typing method according to the study of Nakamura et al. (1998) . Four concentrations were used for each of the following chemicals: sodium selenite, boric acid, cetrimide, sodium periodate, malachite green and copper sulphate; which were allotted the letters A, B, C, D, E and F; respectively. Isolates were considered to belong to different strains if they demonstrated a difference in resistance to one or more chemicals. An isolate was deemed resistant to a chemical if growth was seen with three of the four concentrations used for each chemical. Accordingly, each isolate's resistogram was made of the letters representing the corresponding chemicals to which that isolate was resistant.
Detection of virulence factors
Phospholipase and proteinase activity detection
Secretion of phospholipase and proteinase enzymes was detected as previously described by Mohan das and Ballal (2008) . Candida albicans ATCC 10231 served as a positive control. The tested isolates were classified as negative, 1+, 2+, 3+ and 4+. Assays were performed in replicates of three.
Detection of coagulase activity
Approximately 100 µl of an overnight culture on Sabouraud dextrose broth (SDB) (Oxoid Ltd., Hampshire, United Kingdom) was inoculated into tubes containing 500 µl rabbit plasma collected and stored as previously described (Yigit et al., 2008) . The tubes were incubated at 37°C and observed for clot formation after 24 h. Staphylococcus aureus ATCC 25923 and tubes containing rabbit plasma only were used as positive and negative controls respectively.
Testing for pseudohyphae formation
Equal volumes of RPMI 1640 (Sigma, -Aldrich, Dorset, UK) and fetal bovine serum (GIBCO, Invitrogen, Burlington, Ontario) were inoculated with an overnight growth culture of the tested Candida isolates. After 2 h of incubation at 37°C, microscopic counting was done to determine the percentage of cells growing in pseudohyphae form against blastospores (Negri et al., 2010) . Each isolate was tested in triplicate.
Testing for biofilm production
Biofilm formation was assessed spectrophotometrically at 405 nm as previously described by Shin et al. (2002) using 96-well tissue culture microtitre plates (Nunclon; Nalge Nunc International, Roskilde, Denmark). The assay was performed in duplicates and the isolates were scored as negative, 1+, 2+, 3+ or 4+.
Antifungal susceptibility testing
The minimum inhibitory concentrations (MICs) of FCZ (Diflucan 2mg/ml IV vial, Pfizer) and ampB (Fungizone 50mg/ml IV vial, Bristol-Myers Squibb) were determined against planktonic cells by the broth microdilution method in accordance to the clinical laboratory standards institute (CLSI) document M27-A3 (CLSI, 2008) . The reference strain Candida parapsilosis ATCC 22019 was used as a quality control strain. The procedure was also adapted for testing serial dilutions of aqueous solution of CHX (Antiseptol solution 0.1 gm/100ml; Kahira Pharm and Chem. Ind. Co., Cairo, Egypt). The tested final concentration ranged from 0.03 -16 µg/ml for ampB and 0.12 -64 µg/ml for FCZ as well as CHX. MIC breakpoint interpretation for FCZ was done according to the CLSI guidelines (CLSI, 2008) . Interpretive breakpoints have not yet been established for ampB and CHX, but breakpoints for ampB proposed by Nguyen et al. (1998) were used to classify isolates.
Moreover, the antifungal susceptibility of the biofilm grown Candida isolates to the previously mentioned agents with the same prepared dilutions was done by the microplate alamar blue assay (Repp et al., 2007) . The susceptibility results were expressed as ranges of minimum and maximum MIC values, MIC for 50% of the organisms (MIC50) and MIC for 90% of the organisms (MIC90). *indicates the number of isolation of a similar species at these sites on the second surveillance culture.
Statistical analyses
Data were statistically described in terms of mean  standard deviation ( SD), median and range, or frequencies (number of cases) and percentages when appropriate. Comparison of numerical variables between the study groups was done using Chi square ( 2 ) test. Exact test was used instead when the expected frequency was less than 5. Correlation between different variables was done using Spearman's Rank correlation equation. P values less than 0.05 were considered statistically significant. All statistical calculations were done using computer programs SPSS (Statistical Package for the Social Science; SPSS Inc., released 2006. SPSS Statistics for Windows, version 15.0. Chicago, IL, USA).
RESULTS
Twenty one out of the 50 preterms (42%) admitted during the study period were colonized by Candida spp. Seventeen (17/50; 34 %) were colonized on admission (81% of the colonized preterms), whereas the colonization of the remaining four preterm babies was detected on the second surveillance culture. Six (28.6%) preterm babies were colonized at one site only, whereas 15 preterms (71.4%) showed multiple site colonization. Eleven (52.4%) preterm babies were colonized at two sites, three (14.3%) preterm babies were colonized at three sites and only one (4.8%) preterm was colonized at four sites. Four preterms out of the 17 initially colonized by Candida spp. (23.5%) showed complete absence of Candida colonization on the second surveillance culture, only one of whom had received prophylactic fluconazole. Moreover, eight sites initially colonized by Candida species in seven preterms showed loss of colonization at that site, with persistence or appearance of colonization by similar or different Candida species at other sites on the second surveillance culture.
Candida albicans was the commonest among 52 Candida isolates (31/52; 59.6%) and the groin followed by the rectum showed highest colonization (36.5% and 34.6%, respectively) ( Table 1) .
Resistogram typing for isolates belonging to the same species colonizing the same patient revealed that five preterms (patients 12, 13, 17, 33, 37) harboured an identical biotype strain, eight preterms (patients 7, 8, 10, 14, 24, 42, 43, 48) harboured two different strains and three preterms (patients 32, 36, 41) harboured three different strains. In seven preterms (patients 8, 12, 13, 17, 33, 41, 43) there was persistence of the same isolate at the same site on the second surveillance culture. In four preterms (patients 32, 36, 41, 48) , the initial colonizing strain disappeared, with appearance of another distinct strain at the same site (Table 2 ).
All Candida albicans isolates (100%) and 19 (90.5%) non-albicans Candida isolates produced phospholipase enzyme (P < 0.001). On the other hand, only two (6.5%) Candida albicans versus seven (33.3%) non-albicans Candida produced proteinase enzyme in vitro (P= 0.022). Furthermore, 29 (93.5%) Candida albicans and 21 (100%) non-albicans Candida produced biofilm (P = 0.214). The degree of phospholipase, proteinase and biofilm production by the Candida isolates is shown in Table 3 . In addition, 26 (83.9%) Candida albicans and 13 (62%) nonalbicans Candida isolates produced pseudohyphae. The mean value of the pseudohyphae formation percentage was 11.58 + 8.563 for Candida albicans versus 7.24 + 7.667 for the non-albicans isolates (P = 0.04). Among the non-albicans Candida isolates, 7/8 Candida tropicalis, 5/6 Candida parapsilosis and only 1/5 Candida glabrata produced pseudohyphae. Also, 30 (96.8%) Candida albicans and 14 (66.7%) non-albicans Candida isolates produced coagulase enzyme (P = 0.005).
Regarding their susceptibility to antifungal drugs, there was no statistically significant difference between the Candida albicans isolates and the non-albicans Candida towards fluconazole when grown as planktonic cells (P = 1.00), whereas C. albicans became significantly more resistant to fluconazole compared to the non-albicans Candida isolates when grown into biofilm (P < 0.001). Similarly, all Candida species were susceptible to ampB in planktonic form, but when grown into biofilm, the nonalbicans Candida isolates were significantly more susceptible than C. albicans (P = 0.007) ( Table 4) .
Both coagulase and phospholipase production strongly correlated with the resistance of sessile Candida isolates to ampB. On the other hand, both proteinase and phospholipase correlated with the resistance of in vitro Candida biofilms to FCZ (Table 5) . 
Oral isolate; G = groin isolate; R = rectal isolate; U = umbilical isolate. (n=52) 2(3.8%) 5(9.6%) 21(40%) 24(46%) 43(82.6%) 9(17%) 2(3.8%) 6(11.5%) 35(67%) 9(17%) (-) = no production; (+) = mild production; (++) = moderate production; (+++) = strong production; (++++) = very strong production The MIC data for the isolated Candida spp. are summarized in Table 6 . When grown as planktonic cells, FCZ and ampB exhibited good activity against all Candida spp.; with their MIC90 within the susceptible category. The MIC50 and MIC90 values for CHX against all Candida spp. grown as planktonic cells were comparable to FCZ. On the other hand, when grown as biofilm, the MIC90 values for FCZ and ampB increased against all Candida spp and lay within the resistant category. However, the MIC50 for FCZ against non-albicans Candida remained susceptible despite their growth as biofilm, such a value was similar to that of CHX.
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DISCUSSION
The overall Candida colonization among the preterm neonates during the study period was 42%, nearly the same rate as previously reported by Manzoni et al. (2007) , but higher than that reported by Ali et al. (2012) . Candida albicans was the commonest colonizing species (59.6%), which is in agreement with other studies (Oksuz et al., 2007; Ali et al., 2012) .
Fifteen preterms (71.4%) showed multiple site colonization, which is comparable to the results reported by Huang et al. (2004) . Resistotyping is a phenotypic method which allows differentiation of isolates from clinical samples, and has been used in clinical epidemiological studies (Nakamura et al., 1998; Prasobh et al., 2009), with results complementary to genotypic methods (Leung et al., 2000) . In the present study, similar species were isolated from the same or different sites of 16 patients in the initial surveillance specimens and/or after seven days. Seven patients harboured identical strains colonizing different sites or the same site after seven days. Eleven patients harboured different strains, whether in addition to identical strains or not. Infants admitted to NICUs may harbour single or multiple Candida strains at multiple sites for prolonged periods.
However, they may occasionally acquire a new Candida strain of either the same or different species from environmental surfaces and the hands of healthcare workers (Huang et al., 2004) .
Prophylactic use of fluconazole is effective in reducing the incidence of fungal colonization and fungal systemic infections in preterm neonates (Manzoni et al., 2007) . This was demonstrated in the present study in one initially colonized preterm who received fluconazole prophylactically and showed complete absence of Candida colonization on the second surveillance culture. Nevertheless, three other initially colonized preterms became non-colonized by Candida spp. on the second surveillance culture without receiving any prophylaxis. It might be possible to presume that despite being premature, preterm neonates' immune system may play a role. Phagocytosis of Candida spp. is thought to be a powerful mechanism to control tissue invasion. In absence of specific-antibody mediated opsonization, Candida surface molecules are recognized by membrane-associated carbohydrate-binding lectins expressed by innate immune cells providing important mucosal antifungal mechanism in immunocompromised hosts (Plantinga et al., 2009) . Moreover, unconventional immune cells (that is epithelial and endothelial cells) may act as potential anti-Candida effector cells (Maródi and Johnston, 2007) .
Several virulence factors enable Candida to cause infection in susceptible hosts (Mohan das and Ballal, 2008) . Our study revealed the production of many potential virulence factors by the colonizing Candida isolates. To begin with, 50/52 (96%) Candida isolates produced phospholipase, which was significantly higher in Candida albicans. Similar findings have been reported by other investigators (Oksuz et al., 2007; Issa et al., 2011) . Moreover, high phospholipase production, which might reflect a more virulent nature (Mohan das and Ballal, 2008) , was demonstrated in 22/31 (71%) Candida albicans. This is comparable to a study performed on blood culture isolates (Gokce et al., 2007) , but is much higher than another study performed on colonizing isolates (Oksuz et al., 2007) . On the other hand, our study revealed significantly more non-albicans Candida producing proteinase than Candida albicans producing proteinase (33.3% versus 6.5%, P = 0.022). This agrees with the work of Mohan das and Ballal (2008) on blood culture isolates, but is contradictory to the work of others studying either colonizing or clinical isolates (Oksuz et al., 2007; Gokce et al., 2007; Issa et al., 2011) ; where the percentage of C. albicans producing proteinase was significantly higher than non-albicans Candida. Biofilm formation represents a protected mode of growth that allows cells to survive and disperse to colonize new niches (Hall-Stoodley et al., 2004) . It has been shown that non-albicans Candida are more frequent biofilm producers than C. albicans (Gokce et al., 2007) . The present study detected biofilm production among 93.5% Candida albicans and all the non-albicans Candida, with no significant difference between them (P = 0.214). The present study also showed that 83.9% C. albicans and 62% non-albicans Candida produce pseudohyphae, with a mean pseudohyphae percentage significantly higher in C. albicans (P = 0.04). Pseudohyphae production has been considered necessary for the virulence of C. albicans (Du et al., 2012) , and has been demonstrated in certain non-albicans Candida spp. (Negri et al., 2010) . Coagulase production may also be related to the pathogenicity of Candida spp. (Yigit et al., 2008) . Our study showed the ability of 96.8% C. albicans and 66.7% nonalbicans Candida isolates to produce coagulase enzyme (P = 0.005). Similar results have been reported by others (Rodrigues et al., 2003; Yigit et al., 2008) .
Management guidelines for neonatal candidiasis recommend treatment with amphotericin B deoxycholate and suggest treatment with fluconazole or amphotericin B lipid products as alternatives (Pappas et al., 2009 ). Grown as planktonic cells, none of the isolates exhibited resistance towards both antifungals. Our results are comparable with the results of Issa et al. (2011) .
Most of our isolates exhibited an ability to form biofilm, therefore their biofilm susceptibility was tested. In total, 40% and 84% Candida isolates grown into biofilm became resistant to fluconazole and amphotericin B, respectively. There was also a significant change regarding non-albicans Candida and fluconazole; where 25% fluconazole susceptible planktonic non-albicans Candida became susceptible but dose dependant when grown into biofilm. Similar results regarding ampB have been reported (Ramage et al., 2001; Jain et al., 2007) ; where ampB has demonstrated some activity against Candida biofilms. However, these two studies have shown that Candida biofilms display total resistance to FCZ. Basic physical barriers such as extracellular matrix and cell density have been shown to produce recalcitrance to antifungal agents (Ramage et al., 2012) . It is to be noted that only 13% C. albicans and 24% non-albicans Candida were strong biofilm producers in our study, which might explain the difference regarding FCZ. Moreover, C. albicans sessile cells were more resistant to both antifungals compared to non-albicans Candida; 65.5% versus 4.8% and 96.6% versus 66.7% for FCZ and ampB, respectively. Again, this might be explained by difference in biofilm; Kuhn et al. (2002a) demonstrated by dry weight measurement and microscopic analyses that C. albicans consistently produced more biofilm than non-albicans Candida; whose biofilms appeared less thick, formed of only basal blastospore layers with minimal extracellular matrix and hyphae.
Studies on planktonically grown Candida albicans have shown correlation between high activity of each of phosphospholipase as well as proteinase and resistance to antifungal drugs (Kumar and Shukla, 2010; Ying and Chunyang, 2012) . Nevertheless, the present study showed absence of resistance of planktonically grown Candida isolates towards both antifungals. However, there was a positive correlation between the degree of phospholipase production and the antifungal drug resistance of the isolates grown as biofilm. Similarly, coagulase production correlated with biofilm resistance to amphotericin B. Interestingly, a negative correlation was noted between proteinase production and biofilm resistance to fluconazole; where none of the isolates resistant to fluconazole when gown as biofilm were proteinase producers. Biofilm production and proteinase secretion have been found to be negatively correlated, possibly due to the role of proteinase in the degradation of extracellular matrix (Tavanti et al., 2010) , a major contributor to drug resistance in Candida biofilms (Ramage et al., 2012) . Based on our results, it might be possible to suggest that biofilm per se does not necessarily lead to antifungal resistance, but it is the coordination of certain virulence factors in the presence of biofilm production that results in resistance.
Chlorhexidine is a cationic biguanide, with low mammalian toxicity and an ability to bind to skin and mucous membranes (Hope and Wilson, 2004) . It has a broad spectrum of activity against a variety of micro-organisms. However, biofilm susceptibility to chlorhexidine has been shown to be significantly reduced compared to its action against planktonic cells (Suci and Tyler, 2002) . In the present study, chlorhexidine was tested against the isolated Candida spp. Taken as a whole, there was similar potency of chlorhexidine and fluconazole against all the planktonically grown Candida isolates, with an MIC range of < 0.12 to 16 µg/ml, whereas amphotericin B had much less values. However, grown as sessile cells, the MIC range of chlorhexidine did not show much change, becoming comparable to the results of amphotericin B which was much less than the MIC ranges for fluconazole. There was no change in the chlorhexidine MIC50 value for non-albicans Candida whether planktonic or sessile, whereas the chlorhexidine MIC50 and MIC90 values of C. albicans doubled when grown as sessile form. Similar MIC values for chlorhexidine against planktonically grown Candida isolates of different species have been reported (Traboulsi et al., 2008) . On the other hand, higher MIC ranges of 16 to 32 µg/ml have been reported by Tobudic et al. (2008) . However, the same study reported inability to retrieve any viable cell of Candida spp from biofilms when treated with 0.25% chlorhexidine. Another study revealed an eight times increase in the MIC range for chlorhexidine towards sessile forms of Candida spp. (Kuhn et al., 2002b) . Nevertheless, the authors showed that local low levels of chlorhexidine may be sufficient to inhibit or disrupt biofilm formation which might be of value for prophylaxis.
The present study is limited by only examining Candida isolates colonizing preterms, without addressing risk factors associated with colonization or development of ICIs. However, none of the included preterms died during the period of surveillance cultures.
In conclusion, Candida spp. colonizing preterms possessed various potential virulence factors and consequently might be able to cause infection under favourable conditions. On the whole, fluconazole demonstrated better activity than amphotericin B against the colonizing Candida isolates. Phospholipase and coagulase correlated with the development of biofilm drug resistance. Chlorhexidine demonstrated good in vitro activity towards planktonic and sessile Candida isolates, which might be promising in the eradication of Candida colonization and requires future assessment through clinical trials.
